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1. INTRODUCTION 

In recent years, high-efficiency and DC-DC converters have been investigated as power sources for 
distributed photovoltaic cells. In the renewable energy standalone, grid-tie, hybrid, and large and very small 
ac/dc microgrid systems until the battery charge is applied. Low-voltage power sources, high-efficiency, high- 
power-density circuits, and regulated outputs are desired for such applications [1]-[3]. Converter topologies 
are classified into operation pulse-width modulation and semi/full resonant modes. Pulse-width modulation is 
a basic technique and is subject to the issues of high loss, low efficiency of the main power state during 
switching, and high electromagnetic interference. To increase the efficiency, the density with the smaller 
compact size can be editable major is operation semi/full resonant modes, since the current and voltage are out 
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of phase [4]-[6]. In practical scenarios, a control resonant converter can be used to move the resonant point by 
changing the input/output voltage or load on the output side. However, the output voltage is not regulated [7]- 
[9]. The main objective depends on emphasis in the analysis and many parameters on distributed systems, such 
as voltage, current, power, or observer, each state element. Control methods are classified as linear and 
nonlinear. Non-linear control has been widely used in complex systems, and controllable state observers are 
used to realizing good precision and response at the incomprehensive characteristic identity parameter of the 
plane. High-performance microprocessors are desired for calculating the multi-variable states or most sequence 
process results and eliminates their drawbacks [10]-[14]. State-of-the-art converters in non-linear system 
analysis require complex techniques and expertise to realize simple and efficient designs. In some solutions, 
any method is transformed into a linear system. Generally, averaged model methods (AMMs) are used to 
estimate the significance of the element variable parameter in a circuit accurately. This is because they are easy 
to control, accurate, and suitable for use in converters [15]-[18]. AMMs are also used in conjunction with state- 
space averaging (SSA) in metrology to describe conversion functionality using a general technique with a 
mathematical model. The small-signal technique, a part of the AMM method, employs investigation 
impedance-based stability, which provides stability and reliability for the evaluation of converters. It has been 
applied to single-end and multi-switches comprised of several passive components realizing, extremely 
accurate analysis results. Decreased discrepancies occur commonly, and the signal flow graph technique 
method is employed to easily analyze high orders with accuracy [19]-[22]. The large signal technique has been 
widely used because it is easy to find mathematical models by selectively including and neglecting impedance- 
based stability analysis. These circuits are mostly used in single-or multi-switch DC converter applications, 
such as fly-back, forward, and push-pull circuits, and consist of isolated high-frequency transformers, fast 
recovery diodes, inductors, and capacitors to simplify circuit analysis. In addition, bode plots are used for 
controller design and mathematical modeling suitable for the analysis of time-variant systems. This approach 
is fast, easy, accurate, and corresponds to the switching model used [23]-[25]. The concept communication 
protocol for the internet of things (IoT) to each power unit is depicted in Figure 1. The benefit of IoT platforms 
are attracting interest from academia and industry because they provide the most practical option for extending 
the service life of IoT devices when tiny energy sources like thin film batteries, solar cells, and thermoelectric 
generators are restricted. 

The remainder of the manuscript is organized as follows. The performance analysis and design of the 
proposed circuit is discussed in section 2. Section 3 presents the simulation results; experimental results are 
described in section 4 and finally, section 5 concludes with a section on future work. 
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Figure 1. Concept communication protocol for the IoT to each power unit 


2. PERFORMANCE PROPOSED CIRCUIT'S ANALYSIS AND DESIGN 
2.1. Circuit description 

The proposed analysis is an averaged large-signal (A-LS) model method of DC-DC isolated forward 
resonant reset converter (FR-RC) based on a solar cell battery charger for IoT applications, as shown in 
Figures 2(a)-(f). The power MOSFET M; denotes the main switch, C, is the resonant reset capacitor, and the 
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high-frequency transformer consists of two windings L, and Ls, the sum of the magnetizing and leakage 
inductances are denoted as Lm and Lip, respectively, built-in primary winding. The leakage inductance 
secondary side has a lower value and can be ignored. In both components, N, and N, are the number of windings 
in the primary and secondary high frequencies, respectively. Dı, D2, and Ly denote the converter outputs and 
current choke inductor, respectively, C, is the output large capacitor, Vi, and Vou represent the input and output 
voltages, respectively, and R, is the battery load. DC-DC isolated forward resonant reset converters convert 
DC to AC in three stages (inversion: state 1), ac/dc (reset and rectification: state 2), and ac/dc (release energy 
rectification) and key waveform as shown Figure 2(e). 


Figure 2. Proposed DC-DC converter system, (a) proposed DC-DC isolated forward resonant reset converter, 
(b) operation mode of state 1, (c) operation mode of state 2, (d) operation mode of state 3, (e) key waveform 
of the DC-DC converter, and (f) simplified equivalence circuit of mathematical modeling 


2.2. Circuit operation 

In state 1, the MOSFET is turned on when the switch M; is turned on and operated under the zero 
turn-on condition, and current flows from the input voltage source V; to the dot terminal of the high-frequency 
transformer and drain—source. Then, the energy of the primary winding is transferred to the secondary side, 
and the diode D; is turned on by the flow of currents ip; and i, through the choke inductor and capacitor output, 
as shown in Figure 2(b). The voltage across the primary and secondary sides can be expressed as (1). 


vs Cnet 2E J (=) 0) 


Then, diode D; is turned on, while diode D2 turns off. Therefore, the relationship between the applied voltage 
and output voltage can be obtained from the slope of the current through the choke output inductor as: 


dir, N 
Vix = Ly x vf 5 ) Vout (2) 
dt p 
N DT. 
Air, =| V, s |-y = 3 
Lx in [2 a | ae ( ) 
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In state 2, the power switch MOSFET is turned off at the beginning, as shown in Figure 2(c). Then, 
the magnetizing inductance Lm releases the energy and commutation energy reset flux saturation between Lin 
and the reset capacitance C, on the high-frequency transformer. At time tı-t2, the waveform reset is 
approximately two thirds of the half-period switching time T;, and is observed as a sinusoidal waveform. Then, 
the diode D2 turns on, and the output inductor Ly releases energy to the output capacitor Co from the choke. 
The ratio of the feed voltage to resistance load R, can be obtained by (4). 


-2N s (4) 


In state 3, the reset capacitance C, contains the full energy received from the flow back of the current 
magnetizing inductance Lm from time tı-t2. During this time, diodes Dı and D2 remain on continuously 
throughout all components in the output DC side (Lx, Co, Ro) as shown in Figure 2 (e). From in (3)-(4), a linearly 
rising current can be seen on the choke output inductor Ly when the MOSFET is turned on. The currents are 
given by the relations imı=iin=i;+im+ip and ico=itx+io. According to the three-operation state, the conversion 
ratio Mpc, maximum-minimum current on the choke output inductor Irx-max, Itx-min, respectively, minimizing 
choke output inductor Ly, and ripple factor ratio output capacitor C, can be expressed as (5)-(7). 


Mpc = Dn (5) 
1 1-D 1 1-D 
Thy =V,| —+——]; Irman =V 6 
Lx—max (3 z2) Lx-—min ou 2) (6) 
1-D)R 
Lain = Ie g 
S 


2.3. Analysis in the operation reset resonant region 

In state 2, the power switch MOSFET is turned off. However, the current magnetizing inductance Lm 
releases energy before the completion time with the protection flux saturation on the high-frequency 
transformer. By applying the sub analysis resonant mode, the amplitude current magnetizing inductance 
İm = i, is obtained, and the voltage across the reset capacitance is given by Ver = Vp= Vm, Where vp and vn are the 
voltages across the primary side and magnetizing inductance, respectively. Therefore, the significant 
parameters are the capacitive reactance of the reset capacitance Xc,=1/j(2af,C,) and inductive reactance of the 
magnetizing inductance Xzn=)2af,-Lm. It can be claimed that Xc=Xim, and the following can be derived. 


AT = m| LpC, (8) 


It can be seen that at time to-t1, a square wave form is obtained, in which the amplitude is equal to the input 
voltage. Moreover, time tı-t2 can occur in the reset sinusoidal waveform. At time f2-f3 can be neglected because 
of the non-wave form. Hence, the amplitude reset voltage Vc, can be derived as: 


DT, DT, 
J Vinat+ f V, sin 2420 fy} =0 (9) 
0 DT, 2 
Vp 
Vin (DT) + -= (cos (@-D, Tay )—C08( DT» )) =0 (10) 


y 


Where is the interval time of the angle reset resonant time wrDTsw = 1, the surface time approximates nearly 
@rD,Tsw 27, and the angular of a resonant frequency œ, = 1/squ (LmC,) can be obtained by (11): 


Vin (DT. 


SW 


)+2Vp 4 LmC, =0 (11) 


Simplifying in (11), the final result is expressed (12), and last step is simplified equivalence circuit of 
mathematical modeling as shown in Figure 2(f): 
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Vn Df, 
V, =-—— (12) 
T 


2.4. Mathematical A-LS modeling 

Since DC-DC isolated forward resonant reset converters convert DC to AC in three stages, a 
mathematical A-LS analysis model has the following state variables: [im, ix, Ver, Vow]. The precision of the 
modeling can be improved by including the leakage inductance Ly, and parasitic resistance rz» of the choke 
output inductor Ly. By applying Kirchhoff s voltage and current laws to the input and output power converter 
circuit depicted in Figure 2(f), the following differential equations in three completed descriptions of the power 
stage are derived as (13a) to (14b): 
State 1: input side (where Vin=Vp, Vrike=Vike, like=Lrike) 


Vin + Vike + Vrlike +Vim + Ver =9 (13a) 
' — = = J +v: 
Teim _ Yer ~ Vike ~ "kellke T Vin (13b) 
Ln 
ler = like (14a) 
Hk 
Vor = Paa (14b) 


The state variable current choke inductor i'w and voltage across capacitor v 'co at the output DC side can be 
obtained as: 


Vs + Vz +Ve9 + Vp =O (15a) 
in Re, Nin — Veo = Thylx (15b) 
Ly 
i = Lro + ico (16a) 
' 1 ; Vco 
Veo = — | ditm -— 16b 
co C, | Lm R, ) ( ) 


By multiplying the symmetry state variable in both operations, the similarity of states 2 and 3 can be derived 
as (17)-(20). Hence, the differential equations in state 2 are expressed as: 


; = TT ppl. 
Lim — Ver _ “Lkp'm (17) 
aa Tg 

i lm 

vy. = 18 
or (18) 
8 Ver —Thikptt 

ÜS EE (19) 

xX 

i Lfs Yoo 

Veo =| lx (20) 
co C, Lx R, 


In state 3, the current circulating through the magnetizing inductance Lm and primary winding N, can be written 
as: 
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By applying Kirchhoff’s voltage law, the state variable voltage across the choke output inductor v and voltage 
capacitor at the DC output depending on the real current direction, the obtained stage 2 loops can be separated 
as: 


Vix = Vin —Yrix — Yeo (22a) 

Veo = Vix Viz (22b) 
In the (22a) is substituted into (22b) to obtain 

v, =0 (23) 


S 


The end differential equations for the state variable of the voltage capacitor output can be expressed as: 


j 1 p Veo 
Veo =| ditm —-— 24 
co G | Lm R, ( ) 

From this differential equation, state 1 can be used in (13b), (14b), and (15b) and (16b), state 2 can be 
used in (17)-(20), and state 3 can be used in (21), (23), and (24). The three-state operation of the state variable 
parameters is rewritten as the general form of SSA expressed as: 


x= Ax + Bu (25) 


Therefore, in the average system solution, we have the combined subsystems A1, A2, A3, and sub- 
inputs B1, B2, and B3. where, are (d) and (1-d) during time power switch turn on (d) in state 1 and turn off (1- 
d) time in both two and three states, and the combinate parameters are expressed as: 


r 7 [ "ke 1 
-ke ọ -— 0 
_ like o 1 0 T Ln 
Ly Ln r 1 
-ry 1 -x ọ 0 aes 
0 0 -> Ts L, 
A=4+4+4 =| Ly L, |(d)+ (1-d) 
1 
0 0 0 0 — o0 0 0 
1 Cr 
£ o o -— 1 1 
Co Co Ro 0 F 0 Fp 
= L Co Co Ro 
ro 00 0 
000 0 
+10 00 0 |(1-d) (26) 
A stew) 
[Co Co Ro 
r1] 
Lin 0 0 
0 0 
B=B,+B,+B,=|— |(d)+|_ |(1-a)+| |(1-a) (27) 
L, 0 0 
0 0 0 
| 0 | 
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Simplifying of a (26) and (27), the relationship between the state variables can be written as: 


Tike 0 = cL 0 
m Lin [a] 
itm ak: 0 0 _ L. lim Lin 
H È; j d 
y= 1 _ x x ly P na [vn] 
er l-d 0 0 0 Ver Ly 
Veo C Veco 0 
a ta 4 4-2 Lo | 
me Co Co Ro | 


2.5. Communication of the internet of thing unit 

The IoT was divided into two parts. The first part involves the receive for measured using data 
communication of the voltage, current, and temperature output into the microcontroller unit. In the first step, 
the point ground between the measured voltage input power state and the analog to digital part (ADCs) unit 
sends data until the MCU because of the divergent ground type. The isolated unit has a function-separated 
power and control circuit, and it can provide good protection read data and measured value parameters. In the 
measured voltage divider 3.3 Vpc from the DC voltage charge output 14.4 Vpc at the full power design. The 
second part involves the receive-send of IoT until the MQTT protocol is provided into the machine-to-machine 
part, as illustrated in Figure 3, the equipment-to-equipment support consists of publishers, brokers, and 
subscribers. The publisher will function the sent data, and measure the value information (DC-DC converter, 
battery). The broker will be the function intermediary management that converts the difference signal (ADC, 
DAC), and the subscriber will be the function data reference or algorithm sequence. 


Ro = is equivalence circuit of battery 


MQTT Broker Line Application 
Data Recorder Units Command and Alert 
Platform (isync) Device 


Data Voltage and Current 


Command Data Voltage and Current 


Digital Input voltage Micro Controller Unit: nig Digital Output voltage 
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Read Input Current 


Converter 
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Analog Input Voltage 
aeo A Indjno 30 puy 
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aseyo A nding Surpeog 


Communication JOT Signal 
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Control Signal PI Current Loop PI Voltage Loop 


(28) 


Figure 3. Proposed communication between IoT and the DC-DC converter system 


2.6. Power state design 


The operation of the proposed converter in the CCM is illustrated in Figure 2(a). In the steady-state 
operation, the circuit is designed (29)—(39) to be operated at a 50 kHz fixed switching frequency, approximate 
wide input voltage 9-19 Vpc, current 2.16 A, frequency transformer with ferrite core (PQ 25/19/26/25 N87), 
and four primary winding turns. Therefore, the number of secondary windings N, is given by: 
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_ N Vout = 4x14.4 
V,D 16x04 


= 9 Turns (29) 


AY 
The voltage stress on the switches can be obtain by: 
Vos—max = Vin =V; (30) 


Here, the maximum duty cycle is Dina=1—(ATr-T;). By substituting the peak primary winding in (12) into (30), 
the voltage stress on the switches is expressed as: 


= 53.699 V (31) 


a es a 
enai E ae -16s 16x0.6x 20x10 
2 


2 f LmC, V80x10 x81.056x10? 


The maximum current in the DC input side can be expressed as: 


N 1 1-D 1 1-0.4 
Toman Va| sh ))-s04s[ + ( = ;|-s4a (32) 
7.2 2x216x10° x50x10 


After the design is a parameter of the voltage stress, and the average currents of the fast recovery diode Vp- 
max, [pi-max, can be derived as: 


o {VDT ; 6 
Voie He max -225x eaten =169.647V (33) 
Np Mane, 0x 1076 x81.056x10- 
1 1-D 1 1-0.4 
| EENES CME (cee eae =14.4x| —+ =24A (34) 
Dl-max Lx—max out P z2) E 2x216x10° ee 


Finally, the designed active component is the voltage stress, and the average currents of the fast recovery diodes 
Vp2-max, and [p2-max can be calculated as: 


Vp2- max e 2 -(2)x16= 36V (35) 


Np 


According to (29), if the turn ratio is a=2.25, the measured magnetizing inductance from the LCR 
meter is designed to be 80 uH, the duty cycle is approximately 0.4. Then, it can be found that the reset resonant 
capacitor provides the reset setting time AT,=0.4 Ts, and can be calculated as: 


2 —6 

AT ; 

al ‘| l [ama } l = = 81.056nF (36) 
a) L z 80x107 


m 
To minimize the choke output inductor Ly-min on the DC output side 


Pe ZD) iy MDE a G7) 
= age 2x50x10° 


Consequently, to ensure that the characteristics of the proposed circuit meet the above analysis, the 
proposed circuit needs to be operated in CCM. Then, by increasing the inductance of the choke output inductor, 
the inductor design value can be obtained as: 

Ly.ccm =5Ly-min =5*43.2*10° = 216 WH (38) 


The value of the output capacitance C, depends mainly on the ripple output voltage factor V,ip. Assuming 
AV oul Vout to be less than 1%, this can be calculated as: 
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(I-D) Vou _ (1-0.4)x7.2 144 
2 2 
8L, (fs) SVour 8x216x10 (50x10°) a 


= 200 uF (39) 


Finally, in the implementation, the output capacitance was chosen as C,=330 uF/50 V. A overall relationships 
of the parameter of the proposed circuit from calculation as shown in Figures 4(a)-(c). 
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Figure 4. Relationships of the parameter of the proposed circuit: (a) normalized output versus varying duty 
cycle, (b) relationship between reset resonance capacitance and reset setting time and resonance inductance, 
and (c) relationship between reset resonance capacitance and normalized frequency and resonance inductance 


3. SIMULATION RESULTS 

A prototype of the proposed circuit was simulated using a mathematical model with the parameters 
listed in appendix. In this section, the state variable of an A-LS method of a DC-DC isolated forward resonant 
reset converter based on a solar cell battery charger response is discussed. The configuration of the proposed 
technique was a simulated mathematical model with the SIMULINK program. The purpose of this simulation 
is to verify the analysis methods and study the static state variable and dynamic performance of the system. 
The converter under consideration is capable of: 1) correctly predicting the state variable [i'm, i'n, V ‘cr, V ‘ow 
waveforms by using the A-LS model 2) obtaining the dynamic response of the output voltage charger. A rated 
operation is considered at 14.4 Vpc, 2 A are shown Figures 5(a) and 5(b), and approximately 29 W output 
power at full-load condition. The overall static simulation results are shown in Figures 5. 

The simulated waveforms of the output voltage v's and output current i 'zx waveforms were simulated 
at an output voltage of 14.4 Vpc output current of ~2 A, and output power of ~29 W. The waveforms in Figures 
6(a) and 6(b) show the results of the state variable of the current magnetizing inductance, and it can be seen 
that the sinusoidal waveforms are similar. The voltage across the reset resonance, which was operated under 
resent to achieve the reset of the remaining flux saturation on the high-frequency transformer is shown in 
Figures 7(a) and 7(b). 
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Figure 5. Simulation results for state variables of (a) output voltage v ‘ou and (b) output current i 'zx waveform 


2.0 , | | | 2.0 a S ii a a i 

1.5 i Lm = Current Magnetizing 15 B Zoom BR 
Inductance (A) 

1.0 Apja 1.0 


0.5 0.5 \ 
0 o] | | | | 
| 
ies os AAU 
-1.0 -1.0 
-1.5 -1.5 
20 Sample Based=1000 ms 20 tL | | | | | | | | 
0 0.1 0.2 0.3 0.40.5 0.6 0.7 0.8 0.9(ms) 778.822 778.830 778.834 (ms) 
(a) (b) 


Figure 6. Simulation results for the state variable of the current magnetizing inductance (a) transient time and 
(b) zoomed in waveform 
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Figure 7. Simulation results of the state variable of the voltage across reset resonance (a) transient time and 
(b) zoomed in waveform 


The simulation analyzes the result model and load conditions at 0.2—0.325 s: constant operated at load 
and 0.325—0.649 s: based on step load condition and before 0.649 s: return to the first condition. The simulation 
results of the proposed system are shown in Figures 8(a)-8(f), where the output voltage return to the setpoint 
is achieved. The first results of the transient response of the output voltage at step load half-load to no-load 
were overshoot of 14.47 V. Setting the set time point to 24 ms and the return load recovery time to 33 ms 
resulted in undershoot of 14.35 V, as shown in Figures 8(a) and 8(b). The second results of the transient 
response of the output voltage at step load full-load to no-load were overshoot 14.49 V, and setting time to 
setpoint 34 ms and return load recover time to set point is 44 ms resulted in undershoot of 14.37 V, as shown 
in Figures 8(c) and 8(d). The final results of the transient response of the output voltage at step full-load to 
half-load were less overshoot of 14.48 V, and setting the time to set point 27 ms and return load recover time 
to set point 14 ms, the undershoot was less than 14.36 V, as shown in Figures 8(e)-8(f). 
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Figure 8. Simulation results of the dynamic response of the output voltage charger: (a)-(b) response voltage 
and current at step load half-load to no-load, (c)-(d) response voltage and current at step load full-load to no- 
load condition, and (e)-(f) response voltage and current at step load half-load to full-load condition 


4. EXPERIMENTAL RESULTS 
4.1. Open loop results 

A prototype of the FR-RC was used as a specification parameter for the experimental results, and the 
circuit parameters listed in appendix were used in the implementation. Figure 9, the photos of the experimental 
setup are composed of i) DC power supply setup, ii) phototype circuit, iii) oscilloscope display, iv) resistance 
load setup and then number 5-7 are measurement tool v) differences probe, vi) current probe, vii) digital 
multimeter and finally equipment number 8 is battery load setup. Most of the experimental results are shown 
in Figures 10 and 11. The voltage, current, and power waveform at the input side were measured, and the input 
power was approximately 29 W, as shown in Figure 10(a). Figures 10(b) and 10(c) show the switch voltages 
and current, and can be seen that the reset time for the remaining flux magnetics of the current reset resonance 
capacitor. Figure 10(d) shows that the main switch operated under the zero-turn-on condition. 


Figure 9. Experimental setup in laboratory for proposed scheme 


The voltage waveforms of the high-frequency half quasi-square-wave voltage across the primary vp 
and the voltage across the secondary vs are as shown in Figure 11(a). The waveform of the diode voltage vpi, 
current ip1, and diodes operated under low-loss conditions are shown in Figure 11(b). The voltage and current 
of the choke output inductor are the square-wave voltage vz, and current triangle waveform izx, respectively, 
as shown in Figure 11(c). Finally, the output side waveform for the measured voltage, current, and power at 
the output side had a maximum value of 29 W, as shown in Figure 11(d). 
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Figure 10. Experimental result of the proposed circuit: (a) measured voltage Vin, current Jin, and power Pin 
waveforms at the input side; (b) measured voltage across v, and current i, at the high frequency transformer; 
(c) measured voltage across primary winding v, and current reset resonance icr, and (d) measured voltage vas 

and current iy; waveforms of the MOSFET switch 
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Figure 11. Experimental results of the proposed circuit: (a) measured operated transfer of voltage 
across primary winding v, and voltage across secondary winding vs at the high frequency transformer; 
(b) measured diode voltage vp; and voltage vp2; (c) measured voltage across vy, and current iz, of the choke 
inductor; and (d) measured voltage Vou, current Iou, power Pour waveforms at the input side 


4.2. Close loop results 

An FR-RC has been built and measured the parameter static value waveform. The main objective is 
to control the regulated output voltage of the close-up voltage and current charge battery, as shown in 
Figures 12 to 14. An auxiliary analog circuit was used in the control units of the prototype. The response of the 
attentive overshoot and recovery time while changing the load from no-load to half-load and from 
half-load to no-load based on the return load, the first situation was 5 and 330 ms to set point, and an overshoot 
4.167%, are shown in Figures 12(a) and 12(b). In the next step, the current load is increased from no-full load 
and full-no load, set points were 8 and 500 ms, and overshoot of 4.167% was observed, as shown in 
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Figures 13(a) and 13(b). In the third situation, minor changes were made from half-load to full-load and from 
full-load to half-load at 5 and 10 ms set points, and an overshoot of 4.167% was observed, as shown in 
Figures 14(a) and 14(b) and brief overall response results as shown in Table 1, respectively. However, a low 
ripple factor is an important problem in the design, associated with the enhanced reverse time resulting from 
the use of bulk output capacitors. Therefore, the unaffected magnitude of the voltage, current, and performance 
charge of the battery load. The performance measurements of the proposed circuit are reported in terms of 
constant voltage and current charge when the input voltage is varied from 9 to 18 V, and the percentage 
regulation is less than 0.5% in the three situations, as shown in Figure 15(a). The maximum overall efficiency 
of the proposed circuit was 94% at a low irradiation input level of 9-13 V, while normal irradiation had an 
input level of 13—18 V, and the measured efficiency was approximately more than 90% throughout the 
operating period, as shown in Figure 15(b). The experimental prototype is shown in Figure 16 and the 
experimental test record data charger in excel on the google sheet platform is shown in Figure 17. 
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Figure 12. Experimental results of the dynamic response of the output voltage of the charger (a) response 
voltage at current step load no-load to half-load and (b) response voltage at current step load half-load to 
no-load condition 
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Figure 13. Experimental results of the dynamic response of the output voltage of the charger (a) response 
voltage at current step load no-load to full-load and (b) response voltage at current step load full-load to 
no-load condition 
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Figure 14. Experimental results of the dynamic response of the output voltage of the charger (a) response 


voltage at current step load half-load to full-load and (b) response voltage at current step load full-load to 
half-load condition 
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Figure 15. Experimental result of relationship graphs (a) relationship between output voltage Vou and varied 
input voltage Vin and output current Iou and (b) relationship between efficiency and input voltage Vow 


Table 1. The performance of proposed circuit 


Condition Parameters Simulation results Experimental results Remark 

I Under/over shoot 0.347%/0.689% 4.167%/4.167% No-load to half-load and return condition 
Setting time 33 ms/24 ms 5 ms/330 ms 
Regulation output voltage 0%/0% 0.186%/0. 186% 

II Under/over shoot 0.555%/0.394% 4.167%/4.167% No-load to full-load and return condition. 
Setting time 44 ms/34 ms 8 ms/500 ms 
Regulation output voltage 0%/0% 0.345 %/0.345% 

Il Under/over shoot 0.208%0.48% 4.167%/4.167% Half-load to full-load and return condition. 
Setting time 14 ms/27 ms 4 ms/10 ms 
Regulation output voltage _0%/0% 0.158%/0.158% 
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Figure 16. Detail and photograph of the proposed circuits 
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Figure 17. Record data charger in excel on the google sheet platform 
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5. CONCLUSION AND FUTURE WORK 

In this study, circuits for control battery-charged solar cells based on data management through IoT 
using a DC-DC forward resonant reset converter have been analyzed and modeled. The simulated mathematical 
model is capable of: 1) obtaining the correct state variable waveform by using an A-LS model; and 2) obtaining 
the dynamic response of the output voltage charger when changing from 50% to 0%, 100% to 0%, and 100% 
to 50% level load output. The main advantages of the proposed system are the observation of the state variable 
for a mathematical model built using an A-LS model of a frond-end DC-DC forward resonant reset converter 
and controllable main power stages. A basic simple control unit has also been proposed, enabling enhancing 
the dynamic response. The simulation results confirmed that at a heavy step load change, the desired setting 
and recovery time to set the point output voltage charge can be obtained based on the assumption of a regulative 
condition. The experimental results of the proposed system confirmed that at light-load to full-load conditions, 
low power loss for each component, reset flux saturation on the high-frequency transformer, satisfactory are low 
overshoot, less time reveres time, great percent regulation output voltage, and can be a good response IoT platform 
and record data during charging of the battery at all times. Future work will focus on enhancing wireless power 
transmission by reducing the high frequency transformer while charging series batteries on the battery 
management system (BMS) using the IoT. 
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APPENDIX 

Input voltage V;,=desing16 Vpc (wide range 9-18 Vpc), output voltage Vou=14.4 Vpc (regulation 
range), output current J,,=2 A (approximate current charge), number of primary windings N,=9 turns 
(Lp=145.623 uH, (AWG#26*3)), number of secondary windings N,=4 turns (L;=1.08 mH (AWG#26*2)), reset 
resonant capacitance C,=81.056 nF (Polypropylene), output choke inductance L,=216 uH (ferrite 
toroid/31/1.3), output capacitance C,=330 uF (Electrolytic/50 V), power switch MOSFET M=IRFP 3205 (N- 
Channel MOSFET Vpss=55 V, Ip=110 A, Ros (on=8.0 mQ), fast recovery diode Dı, Dx=MUR1520 (Verm=200 
V, Irav=15 A, Vr=0.85 V), gains voltage control unit kp, ki=5.867, 3333.33, gains current control unit kpi, 
ky=12.712, 18031 
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